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UTILIZATION OF WASTE HEAT FROM ELECTRIC POWER GENERATION
David A. Barclay and J. L. Gaddy
Department of Chemical Engineering
University of Missouri-Rolla
Rolla, Missouri 65401

Abstract
Waste heat from the generation of electricity in this country could supply all of
our space heating needs and could make us energy independent. District heating
seems to be the best means of recovering sizable quantities of this energy.
Economic projectionsshow that district heating would be economical at today's
energy prices, in most cases.
INTRODUCTION
The use of "waste heat" which is rejected from
steam-electric power generation represents a valu
able energy source, if it can be tapped. Use of
this reject heat is receiving increased attention,
as methods of using energy resources more effi
ciently are becoming a necessity. This total
energy concept applied to electric power genera

are price and population. The Federal Power
Commission estimates that demand in the U.S. will
double in the decade from 1970 to 1980, rising
from 1.5 trillion kwh per year to 3 trillion kwh
per year. And, if current trends in population
and energy prices are not drastically altered,
electricity generation will reach 9.85 trillion
kwh in the year 2000.^7 y^e energy resource

tion is being employed successfully in Europe,
particularly Sweden. Applications in the U.S.
have been mainly confined to combined generation
of electricity, heating and cooling for buildings
and building complexes. Attention is now being
focused upon central power facilities and large
scale use of the waste heat.

inputs to satisfy this growth would rise by 362%,
while efficiency will increase by only It.
There is expected to be no significant increase in
the fuel use efficiency of generation plants.
Table 2 shows heat rates and values for the heat
dissipated to coolants for modern fossil-fueled
and nuclear plants. Between 60 and 70% of the
energy in the prime fuel is either lost or rejected
to the environment. Of the energy input, about
50% is rejected to the condensers and finally to
the environment.

ELECTRICITY GENERATION AND WASTE HEAT
The magnitude of this rejected heat can be seen
by analyzing current power plant operation and
the demand for electricity. Table 1 shows both
the electrical demand and the reject heat. The
two main factors influencing electricity demand
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Table 1.
United States Electric Utility Statistics ( 2 )
Energy
Resource
Input

Electricity
Demand

Total Conversion
Losses

Energy Rejected
to Cooling Water

Year

(ID12 kwh/yr)

(1012 Btu/yr)

(1012 Btu/yr)

(% input)

(1012 Btu/yr)

(% input)

1973
2000

1.5
9.85

17,400
80,380

11,936
49,640

68.6
61.8

7,950
41,760

45.7
51.9

Potential. The energy rejected to cooling water
in 1975 represented 13% of the total U.S. energy
consumption, while total conversion losses amounted
to 20%.^ ^ The waste heat in the cooling water
alone could have supplied the U.S. needs for
space heating. Savings of 13% of the net energy
consumed would make this nation energy independent.
Thermal pollution of rivers and other bodies of
water would be reduced by providing other means
by which to dissipate this heat. Utility companies
would benefit from the increased amount of salable
energy and electricity prices could be lowered.
Therefore, there is a tremendous incentive for
reclaiming power plant waste heat, and a number
of possible applications will be reviewed.

The efficiency limitations can be understood by
looking at the Carnot cycle efficiency for heat
engines:
Efficiency < ^
where Th and Tc are the inlet and exhaust steam
temperatures (absolute) respectively. Modern
plants are limited to inlet steam of about 1050°F,
due to high pressure limitations in the boilers.
The exhaust tempreature is limited to about 100°F
by the vacuum which can be obtained.
maximum theoretical efficiency is:
1510 - 560
1510

Therefore,

63%

Considerations. Before exploring some possibili
ties of waste heat use, there are several impor
tant factors which must be considered for any
system of combined energy use:
1. The temperature at which heat is rejected
is important. Heat at high temperature is easier
to use than heat at low temperature.
2. Transportation distances are also impor
tant because of high transportation costs and
heat losses.
3. Seasonal and daily fluctuations in elec
trical demand cause variations in the quantity of
waste heat available. Precise balancing of heat
and electricity output may be required. Ideally,
the consumer should be able to use most of the
output from the generating plant.
4. Backup facilities should be available to
supply cooling for the power plant and heat for
the consumer in case of failure of either.

The inefficiencies of the Carnot cycle are due to
friction, non-ideality of steam and heat rejected
in the condenser . In addition, losses in the
boiler and generator must be included. In actual
practice, power generation efficiencies for
modern units are about 40%. Most of the fuel
losses are in the condenser (50%) and in the flue
gases (10%).
Table 2.
Heating Rates and Reject Heat from
Modern Power Plants(3)
Fossil-fueled
1970's
1980's
Nuclear
1970's
1980's

Heat Rate
Btu/Kwh
9500
9000

Reject Heat
Btu/Kwh
4660
4240

10,500

6560
6090

10,000
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estimated that a 1000 MW nuclear plant could heat
(3)
4.4 square miles of greenhouses.

5. Siting of new facilities must be care
fully evaluated.
6 . Modifications to existing facilities

Another consideration is environmental control of
livestock pens. This would be especially attrac
tive to poultry and swine producers since growth
and temperature control are closely related. The
total heat needed, however, is still too small
(5)
to be a successful application of waste heat use.'

must not disrupt regular service.
7. The energy supplied must be cost competi
tive with current prices of alternate sources.
LOW LEVEL HEAT
Low temperature heat is available from the cool
ing water used to condense exhaust steam. Use of
this low level heat is desirable since modifica
tion of existing facilities would be minimized.
The major drawback is, of course, the low tempera
ture and the resultant magnitude of warm water
available. For instance, a 1000 MW fossil-fueled
plant with an efficiency of 40% would require 900
cu.ft. per second of cooling water, using a 20°F
temperature rise, dissipating about 1200 MW to

Waste water and sewage treatment offer other possi
bilities of waste heat usage. Increasing the
sewage temperature by using it as the coolant or
heating with warm water would increase bacterial
growth rates and increase waste treatment plant
capacities. Also, the coal from fossil-fueled
plants can be used as a filter for secondary
treated sewage to remove the sludge which could
(3)
then be burned with the coal.'

(21

the water.'

Thermopiles, thermocouple elements placed in series
in heat exchangers, could be used to harness heat
in the flue gases and steam condenser. A typical
1600 MW fossil-fueled steam plant could produce

Aquaculture of food animals is one possibility
for using this warm water. Using the warm
effluent to control the growing environment of
seafood, such as clams, oysters, shrimp and fish,
would allow growers to maximize production. This
application could help meet a growing demand
for seafood and avoid over-harvesting of natural
fisheries. Large scale demonstrations are being
planned; however, only a small amount of the
total waste heat could be employed in this
(4,5)
manner.
'

3 to 9 MW in this manner. There would be a mini
mal effect on plant operation; however, the cost
is presently prohibitive (estimated at $1250 to
$3270 per KW in 1970).^
Several other proposals have been made. Uses in
the food processing industry might include pre
heating operations before cooking, canning,
bottling, sterilization and sealing. The avail
ability of fresh water and heat would have
economic advantages, but the potential use would
be quite small. Another idea is the use of heat
pumps to upgrade the level of heat to higher
temperatures. Large cooling ponds for the con
denser water could be used as warm water recreation
areas before the effluent is discharged to a
river or 1ake.'(4)'

In agriculture, warm water could be used to pro
long the growing season and to provide cold
weather protection. Open field uses include warm
water sprinkler systems and buried pipe soil
warming. Little development has been done in
this area and this scheme would provide only
intermittent consumption of waste heat. Green
houses are also being studied and several demon
strations have been made. Warm water would pro
vide both heating and humidity control. Lettuce,
tomatoes and cucumbers have been successfully
grown in trial projects. ’ ' However, green
houses would, at most, consume 1% to 5% of the
total waste heat on a large scale. It is

HIGH LEVEL HEAT
Consumers for high level heat are more readily
available. Matches between industrial processing
requirements and/or district heating of urban
areas can be easily found. In the U.S., two
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prime examples are Consolidated Edison's steam
heating system in Manhattan and Public Service
Electric and Gas Co. in New Jersey, supplying
steam to Exxon Company's Bayway Refinery from
their Linden Generating Station.©

water condensers and then condenses steam from the
turbines. A 400 MW nuclear generating plant could
produce 75 million gallons of fresh water per day
at a cost of about 44 cents per 1000 gallons. ©
District Heating. District heating for urban areas
can be accomplished successfully using either steam
or high temperature hot water. In 1975, demand
for space heating was 6100 trillion Btu, or 20% of
the total U.S. energy demand.© The energy input
for heating was about 12,200 trillion Btu, since
most heating systems are about 50% efficient. The
electricity generated by fossil fuels in 1975 was
1.44 trillion kwh and the corresponding heat re(9)
jected to cooling water was 6710 trillion Btu.
More heat was rejected to cooling water than was
required to provide space heating for the entire
U.S.

The high level heat can be produced in two ways.
As shown in Figure 1, high temperature steam can
be extracted from the turbine at an intermediate
take-off or extracted directly from a backpres
sure turbine. Steam from a back pressure system
is supplied as the exhaust from the final expan
sion. This is the simplest and least expensive
of the two systems, but electricity generation
becomes tied to consumption of the exhaust steam,
unless a portion of the steam is vented.
Intermediate take-off involves extracting a por
tion of the steam at an intermediate pressure and
processing the remainder through low pressure
turbines to condensers. This system allows
flexible generation of heat and power. In both
systems, fuel consumption is increased over that
required solely for power generation, but the net
result is an increase in energy efficiency.
European combined power-heating stations report
prime fuel use efficiencies above 80%, in some
cases.©

Back Pressure
Energy Use Approximately 100%

Industrial processing requires large amounts of
steam at a steady consumption rate. Backpressure
turbines could be used to provide this heating
requirement if the transport distances are short.
Consideration should be given to formation of
industrial parks, where industry is located near
generation plants which would provide steam and
power.
A flash evaporation system might also make use of
steam from back pressure turbines to provide
fresh water to communities and industry. The
evaporator consists of from 20 to 50 chambers,
each at successively lower pressures. Heated
brine or brackish water flows through each
chamber, where fresh water is flashed, condensed
and drawn off to storage. The brine, cooled by
evaporation, is used as coolant in the fresh

Extraction
Energy Use Approximately 70%
Figure 1. Turbine Performance with Steam
Extraction*7)
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To be successful, district heating should be used
in areas of high population density and at a high
penetration. A 1000 MW plant could serve more
than 400,000 people.©
Either steam or water
can be used as the heating medium and both have
advantages. Steam has a higher heat content per
unit weight, lower pumping cost, is easier to
meter and condensate return lines are generally
not used. Hot water is less expensive to pro
duce and has a much higher heat content per unit
volume, which allows the system to have a larger
storage capacity and smaller piping. In addition,
hot water is more easily stored and the systems
are more flexible. Temperature of the delivered
water can be varied easily and additions to exist
ing systems are readily accomplished without
large adjustments in capacity. Therefore, hot
water is generally considered best for normal
district heating.
A typical hot water system might operate as shown
in Figure 2. Steam from the power plant is con
densed to heat water to temperatures as high as
350°F. This hot water is then pumped to a central
station near the population center, where warm
water at 170°-200°F, is produced for distribution
to homes and buildings. The cooled high tempera
ture water is then returned to the power station.
Storage for hot water would be needed, along with
backup boilers to provide balancing and peak load
capabilities.

District heating has been successful in Europe for
several decades and technology is being steadily
advanced. Most systems involve distances less
than 20 miles, but distribution up to 60 miles is
considered economically feasible.©
Sweden now
uses district heating to serve about 25% of its
population, with a combined heat-power load of
7500 MW in 1973.(©
New materials may make heating networks even more
attractive. Plastic piping, now in use, can be
unrolled from drums directly into trenches. A
plastic convector with heat transfer coefficients
higher than those of most radiators is being
developed and would allow lower operating tempera
tures and increased efficiency. © ^
DISTRICT HEATING ECONOMICS
In order to illustrate the potential for district
heating in the U.S., the cost and economics for
a heating system to compliment a 1000 MW fossilfueled generating station have been estimated.
Table 3 summarizes the basis for this installation.
Heat for nearly 1/2 million people could be sup
plied by this system. Steam from an intermediate
take-off turbine is condensed in exchangers to
produce hot water at 350°F. Extraction of this
steam results in a 15% fuel penalty over present
operation.
Table 3.
District Heating from a 1000 MW Power Plant

During summer months, the extracted steam would
be used to generate chilled water, using absorp
tion refrigeration systems. A reasonably balanced
steam demand is achieved on an annual basis, as
shown in Figure 3. Many variations can be made
on this system, and each case needs to be con
sidered uniquely.©

Generation
electrical load factor
0.5
increase in fuel use
15%
heat supplied to system
2.33 x 10y Btu/hr
Pipeline to Load Center
twin supply & return lines
30 inch
one way length
40 miles
Distribution
losses in transport
15%
average home heating requirement 475,000 Btu/day
people/dweliing
4
Service
106.000 homes
424.000 people

Daily balancing presents a significant problem.
As shown in Figure 4, heat demand and electrical
demand are not in phase; although they peak at
about the same time during the day. In order to
balance the loads, excess hot water must be gen
erated during high electrical demand and stored
until the peak heating periods.
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84%

Figure 2.

Power Generation + District Heating

Steam
Demand

Figure 3.

Steam Demand for Heating
and Air Conditioning (8)
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12:00

Midnight

Figure 4.

6:00
AM

12:00

6:00

Noon

PM

12:00

Midnight

Daily Demand Curves for Heat and Power (8)

Table 4.
Cost Estimate for District Heating
from a 1000 MW Plant

Hot water is pumped in a closed loop to a load
center. Thirty inch diameter pipelines are used,
and a distance of 40 miles was assumed. Pumping
losses amount to 15% of the energy transported.
As shown in Table 4, the pipeline system would
cost $46 million.

Capital Costs

million $

Pipeline, pumps, pump stations
Hot water storage

The distribution network, within a city, is based
upon the most expensive case, i.e. distributing
hot water to individual homes, and not large
building complexes. An average heating require
ment of 475,000 Btu/home-day was used, and is
typical for a cold weather climate. The cost of
this system, corrected to 1976, is $147 million.©

46.12
0.17

Distribution network

147.13
Total

193.42

Operating Costs

Table 4 also shows the operating costs for this
installation. These computations reflect the
added fuel usage at the generating station and
the energy needed for pumping and distribution.
The major cost items are the fixed changes due to
the high capital cost.

Labor, overhead

7.88

Maintenance

7.74

Interest

15.47

Utilities

1.00

Fuel increasedue to heating

3.87

Depreciation

12.89
Total
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48.85

Table 5 shows the expected return for this instal
lation as a function of the price charged for
heating. At energy prices of $2-3/million Btu,
only a minimal return could be achieved. However,
district heating becomes very attractive at energy
prices of $3-4/mi1Tion Btu. Energy prices for
heating with LPG and fuel oil are presently about
$7.00/million Btu (corrected for efficiency) and
the cost for heating with electricity is about
$5-6/mi11ion Btu. The price of gas is expected
to reach $3-4/mi11ion Btu in the not too distant
future. In Europe, where energy prices have
been higher than in the U.S., district heating
has been economical for many years. By compari
son, heat from one system in Europe, was priced
at $1.60/mi11ion Btu in 1968.

CONCLUSIONS
Heat recovered from power generating stations
would make the U.S. energy independent. The most
appropriate use of this waste heat is for heating
homes and buildings. District heating in the U.S
becomes economically attractive at energy prices
of $3-4/mi11ion Btu. Regional planning and coop
eration between utilities and government will be
needed in order to implement this energy alterna
tive.
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This example illustrates that district heating
in the U.S. can be economically competitive
at today's energy prices, in many cases. Further
more, transportation of waste heat over long
distances (40 miles or greater) is not prohibi
tive. In most instances, the electrical gen
erating facilities for the large population
centers are within a 40 mile radius, so that
district heating is geographically feasible for
a large segment of our population.
In order to implement this energy alternative,
modifications to existing power plants will be
needed in order to extract higher temperature
heat. Large investments will be needed to move
the heat to points of use. However, these
charges are somewhat minor when compared with
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